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© Hybridisation probes. 



© A method for discriminating a specific base sequence from a variant base sequence comprises subjecting 
adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide probe and with a 
second nucleotide probe to form a hybrid, the nucleotide sequence of the first and second probe being such that 
where they form a split probe hybrid with a complementary target sequence they may subsequently be linked, 
subjecting any hybrid obtained to linkage and detecting any hybrid obtained. 
Hybridisation probes and kits for use in such a method are also described. 
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HYBRIDISATION PROBES 



The present invention relates to a method for the use of hybridisation probes, hybridisation probes 
therefor .and kits for use in such a method. The present invention is particularly concerned with dis- 
criminating a specific base sequence from a variant base sequence and relates in particular to the 
advantages which may be obtained by subjecting adjacent segments of a target base sequence to 

5 hybridisation with a detectable first nucleotide probe and a second nucleotide probe. 

The present invention thus relates inter alia to discriminating specific base sequences whilst ameliorat- 
ing the problem of background non-specific hybridisation commonly encountered with hybridisation of short 
oligonucleotide probes to complex genomes. 

Nucleic add hybridisation analysis is a technique of wide applicability in the fields of biomedical 

10 research and recombinant DNA technology. Thus for example hybridisation probes are useful for detecting, 
monitoring, locating and isolating nucleic acids and other molecules of scientific or clinical interest 
Particularly useful are small oligonucleotide hybridisation probes which may for example be used to detect 
changes in DNA base sequences in relation to certain disease states such as phenylketonuria, aiphaan- 
titrypsi'n deficiency, alpha-and beta-thafassaemia and sickle cell anaemia. These disease states are often 

is associated with known single point mutations in genes. 

Whilst short oligonucleotide hybridisation probes are of considerable utility, they are usually associated 
with a high background of non specific hybridisation particularly when used for analysis of the genomes of 
higher organisms. This problem arises from the greater complexity of the genome. Thus for example 
mammals may contain of the order of a thousand-fold more DNA per ceil than bacteria, and many of the 

20 nucleotide sequences may be repeated. For any given nucleotide probe therefore stable duplexes 
(hereinafter also referred to as hybrids) other than the desired duplex will usually be formed. This problem 
is particularly exacerbated by using very high oligonucleotide concentrations in order to accelerate the 
hybridisation process. This problem can be circumvented by using gel electrophoresis to resolve different 
DNA (or RNA) fragments before oligonucleotide hybridisation to ensure that a specifically hybridising 

29 fragment is resolved from non-specifically hybridising fragments. For example, Woo et a[ (Banbury Report, 
Recombinant DNA Applications to Human Disease, Cold Spring Harbor Laboratory (1983) p105-110) 
employ the Southern transfer technique to resolve small restriction fragments hybridising to an alphat - 
antitrypsin oligonucleotide probe from higher molecular weight species of DNA which also hybridise to this 
probe. 

so Oligonucleotide hybridisation analysis of compiex genomes using gel electrophoresis requires the 
preparation of pure DNA (or RNA) molecules from the organisms, fragmentation of DNA molecules by 
treatment with restriction endonucieases and, in most cases, transfer of resolved DNA (or RNA) molecules 
from the gei to a solid support for hybridisation. The complexity of this procedure makes it unsuitable for 
routine diagnostic use and difficult to automate. 

35 Simpler methods for hybridisation analysis with specifically hybridising long polynucleotide probes are 
exemplified by J Brandsma and 6 Miller, Proc, Nat Acad. Sci.(USA) Vol 77 (1980) p6851-6855 for DNA and 
by T. Manser and M L Gefter ProcNatl. Acad.Sci USA Vol 81 (1984) p2470-2474 for RNA and involve 
directly immobilising DNA or RNA from crude cellular lysates onto solid supports. Because of non-specific 
hybridisation, such direct immobilisation methods are not usually compatible with the use of oligonucleotide 

40 probes. 

In addition to the above problem of background non-specific hybridisation the present invention also 
relates inter alia to simplifying the detection of translocations which hitherto have only been detectable by 
gel methods. 

The present invention is thus based, at least in part, on the discovery of a method for discriminating 
45 between alternative nucleotide sequences whilst ameliorating the above-mentioned problems. The method 
of the present invention is thus of interest in inter alia simplifying the detection of translocations and 
enabling a mutation in a given base sequence to be readily detected by for example allowing meaningful 
analysis of directly immobilised DNA or RNA samples or alternatively DNA or RNA samples in solution. In 
this connection it is known that the shorter the nucleotide probe the poorer is the selectivity of hybridisation 
so and thus correspondingly the greater is the background. Moreover the shorter the nucleotide probe the 
weaker is the stability of the duplex formed as measured by its melting temperature (Tm) which is the 
temperature of the midpoint of thermal transition. The present invention is based at least in part, on the 
discovery that the different hybridisation properties of a short nucleotide probe relative to a comparitively 
longer nucleotide probe may be exploited to advantage in discriminating between alternative nucleotide 
sequences, whilst ameliorating the above-mentioned problems. 
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The present invention is further based on the discovery of a method which substantially simplifies the 
hybridisation analysis thus providing a robust technique for discriminating between alternative nucleotide 
sequences. 

Thus according to one feature of the present invention there is provided a method for discriminating 
s between alternative nucleotide sequences, v^hich method comprises subjecting adjacent segments of a 
target base sequence to hybridisation with a detectable first nucleotide probe and with a second nucleotide 
probe, to form a hybrid, the nucleotide sequence of the first and second probe being such that where they 
form a split probe hybrid with a complementary target sequence they may subsequently be linked 
subjecting any hybrid obtained to linkage, followed by detection of any hybrid obtained; 
?o the DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being such 
that a potential mismatch in the target sequence lies either between the said probes or at the terminal end 
of one of said probes, which terminal end is contiguous with the other of the said probes; 
the method being effected such that a complementary target sequence is discriminated from a target 
sequence with one or more non-complementary nucleotides. 
75 Where necessary any hybrid obtained following linkage may be subjected to selective denaturing. 

The presence of a linked probe may be detected by any convenient means for example selective 
denaturing or where one of the probes carries one member of a binding pair then by use of the other 
member of the binding pair. Appropriate examples of binding pairs are discussed hereinafter. It will be 
appreciated that one might identify either a complementary or a non-complementary target sequence by 
20 the absence of a dectectable hybrid and this is included within the scope of the present invention. 

It will be appreciated that hitherto discriminatory specificity has been achieved by careful manipulation 
of the temperature of hybridisation and washing of bound discriminatory probes. In the present invention the 
probes are designed to hybridise to the target sequence on either side of a potential mismatch, there being 
a gap, preferably a single nucleotide gap, between the probes or the probes may be designed to hybridise 
25 to contiguous sequences in the target sequence any potential mismatch being present at the terminal end 
of one of the probes which terminal end is contiguous with the other probe. The effect of the present 
invention is that specificity is mainly the result of the interaction between two independently interacting 
. probes and the means of linking the aforesaid probes, for example T4 DNA ligase. Thus the present 
invention enables a method of discrimination to be effected in which linkage e.g. ligation by for example T4 
30 DNA ligase is expected to be less efficient where the restdue(s) at either the 3' or the 5' site of the 
contiguous probes to be joined are not complementary to the sequence to which they are hybridised. 
Similarly where a gap, preferably a single nucleotide gap, is present between the two probes the present 
invention enables a method of discrimination to be effected in which incorporation of nucleotides with for 
example the Kienow fragment of DNA polymerase 1 or calf thymus DNA polymerase alpha to fill in the gap 
35 and allow linkage, with for example DNA ligase, will be significantly less efficient where the deoxy 
nucleotide triphosphate added, to for example the DNA polymerase reaction mixture is not complementary 
to the base residue under examination. 

The present invention thus enables the hybridisation analysis to be substantially simplified and allows 
the production of a robust technique for discriminating between alternative nucleotide sequences. Thus for 
40 example the need to rely on the use of a hybridisation or wash within a narrow temperature range and for a 
specific time may be obviated thus overcoming the difficulties inherent in any technique which relies on 
narrow margins of error. The present invention even renders it possible in at least certain embodiments to 
effect the hybridisation analysis at room temperature. 

The method of the present invention may for example be effected either by detection of a detectable 
45 signal, resulting from complementary hybrid formation where a complementary target sequence is present, 
the hybrid, if necessary, being denatured prior to detection; or by failure to detect a detectable signal, 
resulting from the absence of hybrid formation across a mismatch or from selective denaturation of any 
hybrid formed, where a target sequence with one or more non-complementary nucleotides is present. 

Thus whilst the first nucleotide probe must be detectable the second nucleotide may or may not be 
so detectable depending on the embodiment of the method to be employed. 

The term detectable is used herein to mean capable of detection. Thus the first nucleotide probe need 
not carry a signalling means such as a radioactive label or a non-radioactive signalling complex, although 
such may be present, provided that the probe may subsequently be treated to render it capable of 
signalling. It is thus possible to discriminate between sequences in a complex genome differing by as little 
55 as one base pair. 
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Where a split probe hybrid would be formed following hybridisation, with a complementary target base 
sequence, any hybrid obtained is subjected to a linking reaction for linking the detectable first nucleotide 
probe to the second nucleotide probe, any hybrid obtained being subjected to appropriate treatment 
whereby any hybrid present in which linkage of the detectable first nucleotide probe to second nucleotide 

s probe has not been effected, is denatured whereas no denaturation is effected for a perfectly complemen- 
tary detectable linked oligonucleotide-target sequence hybrid. Where a probe is designed to hybridise to a 
portion of the target sequence which contains a suspected mismatch, the probe will generally be an 
oligonucleotide (as hereinafter defined). Appropriate treatment may for example incfude selective denatur- 
ation or one of the probes may comprise one member of a binding pair. Linkage of adjacent stable hybrids 

70 of first and second nucleotide probes results in greater hybrid thermal stability for the detectable 
oligonucleotide hybridised to a specific target sequence as opposed to detectable oligonucleotides hybridis- 
ed to non specific target sequences with no adjacent oligonucleotide probe present. 

The expression "oligonucleotide" as used herein means a nucleotide sequence which is either 
incapable of forming a hybrid with a target sequence containing as little as a single base pair mismatch or 

75 is capable of forming such a hybrid, such a hybrid however being destabilised by the presence of as little 
as a single base pair mismatch such that it may be selectively denatured under conditions which would not 
denature a corresponding perfectly complementary hybrid. 

It will be appreciated that the potential variant sequence may be present in the segment of the target 
sequence to which the detectable first nucleotide probe hybridises, it may be present in the segment of the 

20 target sequence to which the second nucleotide probe hybridises or it may be present between the said 
segments. The probes will be designed such that where the potential variant sequence is present in the 
segment of the target sequence to which either the detectable first nucleotide probe or the second 
nucleotide probe hybridises, then the potential variant sequence will be at the terminal end of one of said 
probes, which terminal end is contiguous with the other of the said probes. 

25 Thus for example where the potential variant sequence is present in the segment of the target 
sequence to which the second nucleotide probe hybridises, formation of a split probe hybrid, will result 
either in formation of a weak hybrid of the second probe across the mismatch or if the second probe is very 
short no hybridisation at all. Where a weak hybrid is formed selective denaturing will result in denaturing of 
the second probe hybrid. If the hybrid obtained is then subjected to linking, linkage can only take place 

30 where the second probe is hybridised to the target sequence and thus where no mismatch exists in the 
second probe: target sequence hybrid. If the hybrid obtained after linking is subjected to selective 
denaturing any hybrid present in which the first probe alone is hybridised to the target sequence without 
linkage to the second probe wilt denature thus leaving detectable probe hybridised only to the target 
sequence which does not contain a mismatch with the complementary sequence of the second probe. 

35 The first or second nucleotide probe may if desired have one member of a binding pair. Generally the 
one member of a binding pair will be carried by, or be part of, the second nucleotide probe. The other 
member of the binding pair may be in solution or on a support. Thus where appropriate, the second 
nucleotide probe linked to the detectable first nucleotide probe may be isolated on a support carrying the 
other member of the binding pair. Such a binding pair may for example be a protein-iigand or antigen- 

40 antibody interaction such as an avidin-biotin or dinitrophenyi-antidinitrophenyl antibody interaction. 

Indeed one member of the binding pair may be a nucleotide sequence, which sequence may be a 
portion of the probe sequence or may be a nucleotide sequence branch on the probe. The other member of 
the binding pair may for example be a protein which binds to the nucleotide sequence or another nucleotide 
sequence to which it hybridises. 

45 The hybridisation and/or selective denaturation is preferably effected at a temperature selected to give 
effective hybridisation selectivity, preferably maximum hybridisation selectivity for the specific length of the 
linked probe. Advantageously the hybridisation and/or selective denaturation is effected in aqueous solution 
at an elevated temperature suitable for selective hybridisation to a mammalian genome which for a split 
probe when linked is preferably above 60°C generally about 68°C. Alternatively hybridisation and/or 

so selective denaturation of such a split probe when linked may be effected at a lower temperature in the 
presence of an organic solvent which is effective to destabilize the hybrid, such as a solvent containing 
formamide. For example where about 50% formamide is used the hybridisation and/or selective denatur- 
ation is effected at about 42 °C. 

In a further embodiment of the present invention there is provided a method of hybridisation probing 

55 which comprises subjecting adjacent segments of the target base sequence to hybridisation with a 
detectable first nucleotide probe and with a second nucleotide probe such that a split probe hybrid would 
be formed with a complementary target sequence, where necessary subjecting the hybrid obtained to 
selective denaturing whereby to denature whichever of the mst and second nucleotide probes is hybridised 
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to a portion of the target base sequence with one or more non-complementary nucleotides and subse- 
quently subjecting the hybrid obtained to a (inking reaction whereby to link together the detectable first 
nucleotide probe to the second nucleotide probe and where necessary subjecting the hybrid obtained to 
selective denaturation whereby to discriminate between a target sequence complementary to the first and 
second nucleotide probes and a target sequence with one or more nucleotides non-compiementary to one 
of the first and second nucleotide probes. 

The hybridisation or selective denaturation may be effected for example at a temperature above the 
melting temperature of the split or single nucleotide probe hybrid but below the melting temperature of the 
linked probe hybrid or in the presence of an organic solvent effective to destabilise the hybrid as discussed 
above. Where hybridisation is effected under selective denaturing conditions a further selective denaturing 
step after the hybridisation but before linking may be avoided. 

The first and second nucleotide probes may be linked by any convenient means known ger se such as 
for example by enzymatic ligation using, for exampie, a DNA Jigase or by covalent/non-covalent linking 
using for example a biotin-avidin cross-link. 

The detectable first nucleotide probe and/or the second nucleotide probe may initially not be capable of 
being linked, e.g. ligated, together until the gap(s) between them is (are) filled with DNA polymerase in the 
presence of the target sequence of interest. 

The effect of linking the detectable first nucleotide probe and second nucleotide probe is to increase 
the thermal stability of the cross-linked probe hybrid obtained over the corresponding detectable probe 
hybrid alone. Thus for exampie the temperature of the linked probe hybrid may be increased to a 
temperature which denatures the corresponding split probe hybrids or a corresponding hybrid in which only 
one of the detectable first nucleotide probe and second nucleotide probes is hybridised to the target base 
sequence. The linked probe hybrid which includes the complementary target base sequence is thus left 
intact The method of the present invention thus enables one to discriminate a base sequence which is 
perfectly complementary to the detectable probe sequence from alternative sequences. 

It will be appreciated that while the above embodiment of the invention is most useful for directing 
oligonucleotides to specific hybridisation sites in complex genomes in order for example, to analyse for the 
presence of point mutations it is also of use for analysis of other variations in complex genomes such as 
translocations. For analysis of translocations, it is preferred that the non-detectable second polynucleotide of 
a split probe will have one member of a binding pair associated therewith and will hybridise to genomic 
sequences adjacent to potential translocation breakpoints. The detectable probe will preferably be several 
kilobases long and span a region of potential translocation breakpoints. Quantitative linkage of poly- 
nucleotides comprising the split probe following hybridisation will only occur where the genomic region is 
contiguous and uninterrupted by translocations. The occurrence of a translocation will preclude a proportion 
of the detectable probe from linking to the non-detectable polynucleotide. On subsequent denaturation of 
hybridised polynucleotide and application of the other member of the binding pair, a proportion of the 
detectable polynucleotide will not then be found to be associated with the polynucleotide complexed with 
the other member of the binding pair. The binding pair will preferably comprise an antigen-antibody or a 
biotin-avidin interaction whereby, for example, denatured hybrids are passed through a solid phase 
complexed with one member of the binding pair and the eiuate analysed for the presence of the detectable 
probe. 

Thus in a further embodiment of the invention we provide a method for the analysis of translocations in 
a target base sequence e.g. a complex genome in which the detectable first nucleotide probe is adapted to 
hybridise across a region of potential translocation(s) and the non-detectable second nucleotide probe is 
adapted to hybridise to sequences adjacent to said potential translocation(s), the non-detectable second 
nucleotide probe carrying one member of a binding pair, the method comprising formation of a split probe 
hybrid which is subjected to linking to form a linked probe hybrid which hybrid is then denatured. 

In another embodiment of the present invention, there is provided a method as hereinbefore defined 
wherein each of the detectable first nucleotide probe and second nucleotide probe carry a moiety such that 
after hybrid formation, and denaturation where appropriate, a signal is only detectable if a nucleotide 
sequence is obtained which carries both the moiety attached to the detectable first nucleotide probe and 
the moiety attached to the second nucleotide probe. 

The nucleotide probes may for example be oligonucleotide probes. 

The method of this embodiment might for example be effected using non-radioactive energy transfer 
procedures {see for example European Patent Publication No. 70685 of Standard Oil Co.) or enzyme 
chanelling techniques (see for example European Patent Publication No. 95087 of Syva Co.). Thus this 
embodiment may provide a homogenous assay for a specific target nucleotide sequence. 
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In another embodiment of the invention there is provided a method for discriminating between 
alternative nucleotide sequences in which a target sequence is subjected to hybridisation with more than 
two' oligonucleotide probes such that where a complementary target sequence is present a split probe 
hybrid is obtained* the detectable first nucleotide probe being a terminal oligonucleotide probe which is 

5 detectable and the second nucleotide probe being the other terminal oligonucleotide probe which has 
attached thereto one member of a binding pair, individual other oligonucleotide probe(s) being hybridised 
separately but adjacently to a contiguous target sequence between the said terminal oligonucleotide probes, 
the hybrid obtained is then subjected to selective denaturation whereby to denature any oligonucleotide 
probe hybridised to the target sequence across a base pair mismatch, and the individual oligonucleotide 

to probes linked to join the detectable oligonucleotide probe to the oligonucleotide probe having one member 
of a binding pair attached thereto to form a linked probe hybrid which is then denatured and contacted with 
the other member of the binding pair whereby the detectable linked probe nucleotide sequence including 
the said binding pair may be separated from other nucleotide sequences. Thus one terminal oligonucleotide 
(hybridising adjacent to a series of other oligonucleotides) for example has attached thereto a detectable 

T5 signalling moiety while the other terminal oligonucleotide has attached a moeity forming part of a binding 
pair the moiety being effective to enable the oligonucleotide to be recovered in solution from a mixture 
containing other nucleotide sequences. Adjacently hybdridised oligonucleotides are linked together by 
appropriate treatment in order to effectively join the signalling and binding moieties via a linked probe 
where no oligonucleotide hybrid is denatured prior to linkage. Loss of any individual oligonucleotide hybrid 

20 results in subsequent failure to join the signalling and binding moieties. The linked probe hybrid is 
denatured- and contacted with the other member of the binding pair which recognises one terminal 
oligonucleotide in the linked probe. The linked probe, may thus if desired be separated from other 
oligonucleotides in the mixture and then analysed for the presence of the detectable moiety 

Thus the association of the binding oligonucleotide with the signalling oligonucleotide is dependent on 

25 the presence, upon linking of adjacently hybridised oligonucleotides, of all adjacent oligonucleotides 
between the hybridised signalling oligonucleotide and the binding oligonucleotide* The binding pair effecting 
* separation of the linked probe with an associated binding moiety may be avidin and biotin or an antigen and 
associated specific antibody. This embodiment provides for analysis of longer stretches of target nucleotide 
sequence than with just two adjacent hybridising finked or split probes as in other embodiments. 

ao A further embodiment of the present invention comprises hybridising the detectable first nucleotide 
probe and second nucleotide probe to each side of a potential variant sequence in a target sequence and 
subsequently attempting to link the said probes, preferably by the use of DNA polymerase introducing a 
nucieotide(s) complementary to either the normal or the suspected variant sequence and ligation, followed 
by detection of any hybrid obtained. Such detection may for example be effected by subjecting any hybrid 

35 obtained to selective denaturing whereby any hybrid present, in which linkage of the detectable first 
nucleotide probe to the second nucleotide probe has not been effected, is denatured. 

The DNA polymerase used may for example be the Klenow fragment of DNA polymerase I or calf 
thymus DNA polymerase alpha. Ligation is preferably effected with DNA ligase. The detectable first 
nucleotide probe and second nucleotide probe are preferably such that they hybridise to the target 

40 sequence whereby to leave a gap of a single nucleotide between the said probes. 

Where it is desired that the nucleotide probe should carry a signal or a residue capable of. producing a 
signal, such signals or residues may be known ger se e.g. a radioactive label. 

The residue which is capable of producing a non-radioisotopic signal may alternatively comprise a 
signalling part normally separated from the oligonucleotide by a spacer group. This spacer group may if 

45 desired be linked to the signalling part of the complex by a direct covalent link or by a protein-ligand or 
antigen-antibody interaction, for example, an avidin-biotin or dinitrophenyl-antidinitrophenyf antibody inter- 
action. It wilt be understood that the signalling part of the residue may itself be capable of signalling or may 
be capable of producing a signal by interaction with an appropriate agent according to methods known ger 
se . Thus, for example a preferred signalling part of the covalently attached residue incorporates a system 

so for producing an enzymatically-activated production of colour change. Preferred enzyme systems involve 
alkaline phosphatase, acid phosphatase, beta galactosidase, luciferase, or horseradish peroxidase. Such 
enzyme systems are not themselves capable of signalling, but are capable of producing a signal in the 
presence of an appropriate substrate according to methods known ger se. The signalling part of the 
covaiently-attached residue may operate according to any conventional technique such as for example by 

55 luminescence, fluorescence or by means of colour. 



In use it will generally be necessary for the nucleic acid probe to detect minute amounts of the fully 
complementary oligonucleotide sequence. In such circumstances it will be advantageous to incorporate 
within the probe a means of amplifying the signal. The amplification can be carried out by known 
techniques, for example using one or more of the systems described in European Patent Publications 
5 27036 (Self), 49606 (Self), 58539 (Self) and 60123 (Self). 

According to a further feature of the present invention there are provided split probe hybrids which 
comprise a detectable first nucleotide probe and a second nucleotide probe hybridised to adjacent 
segments of a target base sequence, the detectable first nucleotide probe being capable of linkage to the 
second nucleotide probe. 

w The detectable first nucleotide probe preferably has a nucleotide sequence homologous to a segment 
of a base sequence associated with a disease state or homologous to a target base sequence adjacent to 
such a variant sequence or homologous to the corresponding normal sequence. Such a variant sequence is 
generally a point mutation. Where the sequence of the detectable first nucleotide probe is adjacent to a 
variant sequence the sequences of the nucleotide probes are such that they are preferably homologous to 
75 segments of the target base sequence either side of the potential variant sequence. 

The non-nucleotidyt cross-link may for example be a disulphide link or a biotin-avidin link. 
At (east the first nucleotide probe is detectable and thus preferably carries a signal or a residue capable 
of producing a signal as described above. 

In order to enable the method of the present invention to be effected conveniently it will generally be 
20 advantageous to incorporate the nucleotide probes in a kit and this kit is therefore regarded as a further 
feature of the invention. 

Thus according to a further feature of the present invention there is provided a kit for discriminating 
between alternative nucleotide sequences which comprises a detectable first nucleotide probe and a second 
nucleotide probe, each probe having a nucleotide sequence homologous to adjacent segments of a target 
25 sequence, a potential variant sequence being present in one of said segments or therebetween; the kit 
additionally containing a reagents) for linking said probes where the probes are not so linked. 

The potential variant sequence will commonly be a point mutation associated with a disease state. In 
such a case the kit will preferably contain a detectable first nucleotide probe and second nucleotide probe 
for detecting a point mutation associated with a disease state as well as a detectable first nucleotide probe 
30 and a second nucleotide probe for detecting the corresponding normal sequence in which the point 
mutation was absent 

It will be appreciated in this regard that certain disease states are characterised by point mutations 
which appear in different regions of the human DNA genome. In such a case it would be important to 
determine that each relevant point mutation was present or absent and thus more than one set of probes 
35 (detectable first nucleotide probe and second nucleotide probe at least) would be employed, one set of 
probes to detect the presence or absence of each point mutation. It would also be advantageous to include 
in the kit set(s) of probes for the corresponding normal or variant sequence. 

The kit will also advantageously contain means for extracting DNA and/or means for immobilising DNA 
on a solid support. 

40 If desired at least one of the detectable first nucleotide probe and second nucleotide probe may carry 
one member of a binding pair, the other member of the binding pair being present for example on a solid 
support provided with the kit 

The kit will also comprise appropriate buffer solutions and/or washing solutions and will contain written 
or printed instructions for use of the kit according to the method of the present invention. 

45 With reference to the drawings.- 

Rgures 1 , 2 and 3 are autoradiographs in which I represents the DNA sequence of human interferon alphas 
in the plasmid plFS1101 as set out in Edge et a[, Nucleic Acids Research Vol 11, (1983) p6419 to p6435 
and K represents the DNA sequence which codes for the interferon apha2 analogue [Ala 28 ]IFN-alpha2 in 
which the codon TCC is replaced by GCT. This analogue base sequence is herein designated as pK9. 

so Figure 4 is an autoradiograph in which lane M shows a signal corresponding to a 32 base long 
oligonucleotide marker band, lane 1 shows a signal corresponding to a 32 base long ligation product 
derived from oligonucleotides 11 (-1) and 13 (see hereinafter) each with a single dCTP residue incorporated 
at its 3' end. Lanes 2 to 5 fail to shown any signal correponding to a 32 base long oligonucleotide. 

Figure 5 shows an autoradiograph of aiiquots of ligase reaction mixtures containing 5' OH trg 3, 5' OH 

55 trg 4, 5' 32p CRN1 and 5 f 32 p CRN2 carried out between 0 and 40°C, these temperatures of incubation 
appearing at the top of the autoradiograph. O-is a no enzyme control. BPB indicates the position of the 
bromophenot blue marker dye. 



Figure 6 shows an autoradiograph of aliquots of Kgase reaction mixtures containing 5' OH trg 3, 5' OH 
trj) 4, 5' 32 p CRN1 and 5' 32 p CRN4C carried out between 0 and 40 °C, these temperatures of incubation 
appearing at the top of the autoradiograph. O-is a no enzyme control. BPS indicates the position of the 
bromophenol blue marker dye. 
5 Figure 7 shows an autoradiograph of aiiquots of Jigase reaction mixtures containing 5' OH trg 3, 5' OH 
trj> 4, 5' ^p CRN1 and 5' ^p CRN6C carried out between 0 and 40° C, these temperatures of incubation 
appearing at the top of the autoradiograph. O-is a no enzyme control. BPS indicates the position of the 
bromophenol blue marker dye. 

The invention is illustrated, but not limited, by the following Examples. In the Examples, unless 
to otherwise stated, the solutions are aqueous and the % values are w/v. 

The constitution of various reagents is as foilows:- 
SSC is 0.1 5M NaCI + 0.01 5M sodium citrate; 

Kinase buffer is 0.066M Tris.HCI pH 7.6, 1mM spermidine, 0.01 M MgCb, 15mM dithiothreitol and 0.2 mg/ml 
bovine serum albumin (BSA); 
75 10 x CORE BUFFER is 500 mM Tris HCI pH8, 100 mM MgCIa, 500 mM NaCI; 

10 x nick traniation buffer is 0.5 M Tris.HCI (pH 7.2), 0.1 M MgS04, imM dithiothreitol and 500 ug/ml BSA 
(Pentax, fraction V); 

Triton-X-100 is a polyoxyethylene ether surface active compound; 

Ficoll is a non-ionic synthetic polymer of sucrose having a molecular weight of approximately 400,000 in 
20 diaiysed and lyophiiised form; 

Nonidet P-40 is an octyl phenol ethylene oxide condensate containing an average of 9 moles ethylene 
oxide per molecule; 

Denhardfs reagent is 0J2 g/l Ftcol 400,000, 0,2 g/l polyvinyl pyrrolidone (PVP) and 0.2 g/l bovine albumin 
(BA); 

25 PBS - (phosphate buffered saline) is 0.01 M sodium phosphate pH 7.4 and 0.1 3M NaCI; 

SSPE is 10 mM sodium phosphate pH7 f 0.1 8M NaCI and 1 mM EDTA; 
The following contractions are used:- 

DNA deoxyribonucleic acid 

tRNA transfer ribonucleic acid 
30 EDTA ethylenediaminetetraacetic acid 

PBS phosphate buffered saline 

SOS sodium dodecyl sulphate 

2 x SSC double concentration SSC 

6 x SSC six times concentration of SSC 
3S 20 x SSC twenty times concentration of SSC 

BSA bovine serum aJbumin 

BA bovine albumin 

PVP polyvinyl pyrrolidone 

Tris tris(hydroxymethyi)aminomethane 
40 10 x Core buffer ten times the concentration of CORE BUFFER 

ATP adenosine triphosphate 

NP40 Nonidet P.40 

10 x nick translation buffer ten times the concentration of nick translation buffer 
The following are trade marks 
45 Minifold 
Triton-X-100 
CORE BUFFER 
FIcoH 

50 

EXAMPLE 1 

Plasmids used for oligonucleotide hybridisation analysis were plFS1 101 (Edge et ah, Nucleic Acids 
Research, Vol 11 (1983) p6419 to 6435) and a derivative thereof designated herein as pK9 in which the 
55 codon QCT coding for alanine is present at amino acid position 28 in place of the codon TCC which codes 
for serine in HulFN-alpha2. Aliquots of 1 ug, 100 ng and 10 ng were diluted to 153 ul in water. To these 
were added 30 ui 2MNaOH, 17 uMM Tris.HCI pH7.4 and 100 ui 20 x SSC (SSC is 0.1 5M NaCI, 0.01 5M 
sodium citrate). Samples were heated tc 100°C for 10 minutes, then piacsd on ice and 70 ul 1M Tris.HC! 
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pH7 was added. Dilutions of piasmid DNA were filtered onto BA 85 nitrocellulose filters (Schleicher and 
Schuell Keene, N.H., USA) using a Schleicher and Schueli Minifold II apparatus according to the 
manufacturer's instructions. The nitrocellulose paper was cut to fit the Minifold apparatus and wetted by 
floating on 2 x SSC before mounting in the apparatus. DNA samples were then applied to the weiis and 
5 filtered at a rate of approximately 0.5 ml per minute. The nitrocellulose was then air dried for 10 minutes 
and baked at 80°C for 2 hours in vacuo . The oligonucleotides 11 and 13 (Edge et ai„ see above) 
corresponding to the sequence of the synthetic interferon aiphaz gene in pIFSHOI were used for 
hybridisation. Oligonucleotides 11 and 13 have the following DNA sequences:* 
Oligonucleotide 1 1 5' CGTATCTCCCTGTTC 3' 
10 Oligonucleotide 1 3 5' TCCTGTCTGAAAGAC 3' 

Oligonucleotide 13 was labelled with 32 p as follows: to 400 ng of oligonucleotide in 18.5 ul H2O was added 
20 ul 32p gamma ATP (Adenosine 5 -pzpjtriphosphate, triethylammonium salt in aqueous solution, approx. 
3000 Ci/nmoi, 10 uCi/ui. Amersham International), 4.5 ul 10 x kinase buffer (10 x buffer » 0.66M Tris. HCi 
pH7.6, 10mM spermidine, 0,1 M MgCfe, 150nM dithiothreitol and 2 mg/ml bovine serum albumin (BSA, 
is Nucleic Acid Enzyme Grade, Bethesda Research Laboratories)) and 2 ul T4 polynucleotide kinase (5 
units/ul, Boehringer Mannheim). After 1 hour at 37°C, half of the sample was applied to a 4 ml column of 
Biogei P2 (Biorad; pre-equilibrated with 10mM Tris.HCI pH8, ImMEDTA). The 32 p labelled nucleotide was 
eluted in the void volume of the elution buffer comprising 10mM Tris.HCI pH8, 1mM EDTA. 100 ng of ^p 
labelled oligonucleotide probe was used for hybridisation together with 100 ng untabelled oligonucleotide 
20 11. Nitrocellulose filters onto which pIFSHOI or pK9 DNA had been immobilised were prehybridised for 2 
hours at 68° C in 5 x Denhardt's reagent (1 g/l Ficoll, 1 g/l polyvinylpyrrolidone, 1 g/l BA (bovine albumin, 
Fraction V, Miles Laboratories), 5 x SSC, 50mM sodium phosphate pH7 t 1 % glycine, 0.1 % sodium dodecyl 
sulphate (SOS) and 100 ug sonicated denatured herring sperm DNA (Sigma). Hybridisations were per- 
formed in 2 mis of 5 x SSC, 0.5% NP40 (BDH) and 250 ug/ml tRNA (Sigma, type X-S) with 100 ng of either 
25 oligonucleotides 11 and 13 added together or, as a control, 100 ng of oligonucleotide 13 added alone. 
Hybridisations were performed overnight at room temperature. Filters were then washed in 6 x SSC, 0.06% 
sodium pyrophosphate and 20mM sodium phosphate buffer, pH7 for 5 minutes at room temperature and, 
after changing the wash buffer, for a further 3 minutes at room temperature. Filters were then treated with 
phosphate buffered saline (PBS; 0.01 M sodium phosphate pH7.4, 0.1 3M NaCI) containing 2% BA and 0.1% 
30 Tnton-X-IOO(BDH) for 30 minutes at 16°C. Filters were then rinsed 5 times with PBS and 2% BA to remove 
the Triton-X-100. For cross-linking of hybridised probes, filters were treated with 66mM Tris.HCI pH7.6 t 
SmMMgCb, 5mM dithiothreitol, imM ATP, 500 ug/mi BSA and 0.3 U/ul T4 DNA ligase (Boehringer, 5U/ui). 
Incubation was for 80 minutes at 16°C. Filters were then washed at 60°C for 20 minutes in 6 x SSC, 0.06% 
sodium pyrophosphate and 20mM sodium phosphate pH7. The filters were then wrapped in Saran wrap and 
as exposed to autoradiographic film for 2 days. Figure 1 shows that after the final wash at 60° C, an 
appreciable autoradiographic signal was observed only for the piasmid plFS1 101 (I) where hybridised 
oligonucleotides 11 and 13 had been cross linked by ligation. A background signal corresponding to 
immobilised pK9 (K) was observed after hybridisation and cross linking of oligonucleotides 11 and 13. This 
background signal represented about 1% of the corresponding signal obtained for plFS1101 and resulted 
40 from the minimal hybridisation of oligonucleotide 13 because of hybrid mismatches with the corresponding 
region of the piasmid pK9. Thus adjacent hybridised oligonucleotide probes were shown by this example to 
cross link efficiently by ligation on nitrocellulose filters. Moreover, with the experimental conditions 
described the ligation time could be reduced to 5 minutes without any loss of autoradiographic signal 
intensity. 

4$ 

EXAMPLE 2 

High molecular weight DNA was isolated from the lymphoblastoid line Daudi using the method of Blin 
so and Stafford (Nucleic Acids Research, Voi.3 (1976) p2303). 200 ug of Daudi DNA was diluted into 320 ul 
H2O and to this was added 40 ul of 10 x CORE BUFFER (Bethesda Research Laboratories) and 40 ul EcoRl 
(50 units/ul Northumbria Biologrcals, Cramlington, Northumberland, UK). Following an incubation at 37°C for 
3 hours, the solution was extracted with an equal volume of phenol/chloroform (1:1), then with 1 volume of 
chloroform and finally three times with 1 volume of H2O saturated ether. The DNA was adjusted to 0.3M 
55 sodium acetate and precipitated with 2 volumes of ice cold ethanol. The DNA pellet was washed in cold 
70% ethanol and the pellet, dried and redissolved in 100 ul H 2 0. 



3 ug of the piasmids plFS1101 and pK9 (see Example 1) were dissolved in 17 ul HaO and to this was 
added 2 ul 10 x CORE BUFFER and 1 ui EcoR1 (see above). The mixture was incubated for 3 hours at 
37°C and was followed by solvent extractions and EtOH precipitations as for the Daudi DNA above. The 
dried pellets were redissoived in 10 ul H2O. 

5 10 ug of EcoR1 digested Daudi DNA was mixed with 1 ng aliquots of either piFS1101 or pK9 and 
subjected to gel electrophoreses on a 0.5% horizontal agarose gel as described in Maniatias et al (Molecular 
Cloning, A Laboratory Manual: Cold Spring Harbor Laboratory, 1982), Following electrophoresis, DNA was 
either transferred onto nitrocellulose filters by the Southern transfer procedure (Maniatis et al) for subse- 
quent hybridisation or, alternatively, DNA was probed directly within dried agarose gels prepared as 

70 described by Studencki and Wallace (DNA, volume 3, p7 to 15 (1984)}. For DNA transferred onto 
nitrocellulose filters hybridisation was as described in Example 1 except that the hybridisation temperature 
was 32°C using 100 ng oligonucleotide 11 and 100 ng 32p labelled oligonucleotide 13 as probes. The filters 
were washed for 30 minutes at room temperature in 5 x SSC, 0.06% sodium pyrophosphate and 20mM 
sodium phosphate pH7 and then at 40°C. for 15 minutes to remove most of the labelled oligonucleotide 

15 associated with the pK9 plasmid DNA. The filters were then exposed at -70 °C to Kodak X-Omat AR Rim 
using intensifying screens. After this 40°C wash, a background signal derived from hybridisation to Daudi 
cell DNA was still evident as shown in Figure 2. 

Dried agarose gets were hybridised directly with 100 ng of both oligonucleotides 11 and labelled 13 
in 50 mM sodium phosphate pH7, 0.9 M NaCI, 5 mM EDTA, 0.3% SDS and 10 ug/ml Ecoli DNA at 32°C 

20 overnight The dried gels were subsequently washed in 2 x SSPE (SSPE is 10mM sodium phosphate pH7, 
0.18M NaCI, 1mM EDTA) and 0.1% SDS at room temperature for 30 minutes and then at 40°C for 15 
minutes in the same washing buffer. The result was similar to that observed on nitrocelfulose filters (Figure 
2). In order to remove background due to hybridisation to Daudi cell DNA, oligonucleotides 11 and 13 
hybridise to DNA immobilised either in nitrocellulose or dried gels were cross^inked by ligation, as 

25 described in Example 1, and finally washed at 60°C for 15 minutes as above. This resulted in a single band 
corresponding to 1 ng of plasmid pIFSHOI with little observable background and with no signal evident 
corresponding to pK9 DNA as shown in Rgure 3 for DNA immobilised on nitrocellulose. 



30 EXAMPLE 3 

The plasmid DNA used for analysis was pIFSHOl (Edge et ai., Nucleic Acids Research, vol. 11 (1983) 

p6419 to 6435). 2 ug of plFS1101 plasmid DNA was digested with EcoRI (20 units, Bethesda Research 

Laboratories) in a reaction volume of 20 ul for 2 hours using conditions recommended by the enryme 
35 supplier. The reaction mixture was extracted once with phenol: chloroform (1:1) and once with chloroform 

before adding 2 ul 3M sodium acetate pH 5.2 and 45 ul ethanoL The DNA was precipitated at -20 °C 

overnight washed in 70% EtOH and dried prior to resuspension in 30 ul H2O. 

The oligonucleotides used for analysis were designated 11(-1) and 13 where oligonucleotide 13 was 

used to construct at the synthetic interferon alphas gene in plFS110l and oligonucleotide 11(-1) is a 
40 derivative of oligonucleotide 1 1 used for gene construction with a sequence shifted 5* by 1 base. Thus the 

sequences of the oligonucleotides were as follows:- 

Oligonucleotide 1 1 (-1 ) 5'CCGTATCTCCCTGTT3' 

Oligonucleotide 13 5TCCTGTCTGAAAGAC3' 

Oligonucleotide 13 was 5' end labelled with 32 p using polynucleotide kinase as described for synthetic 
45 linkers (forward reaction) in Molecular Cloning, a Laboratory Manual (Editors: Maniatis, Fritsch and 

Janbrook, Cold Spring Harbor). The kinase reaction was stopped by heating to 70 °C for 10 minutes 

followed by 2 successive phenol extractions. The solution was then extracted with ether and excess ether 

was blown off. 

4 ul aliquots of EcoRI digested pIFSnOl DNA were added to 50 ul aliquots of a solution of 10 x SSC, 
so 1% NP40 and 0.5 ug/ml tRNA. 1 pmoie aliquots of 32 p labelled oligonucleotide 13 either with or without 1 
pmoie of oligonucleotide 11(-1) was added and the solutions diluted to 100 ul with water. The solutions 
were heated to 100°C for 5 minutes and then placed in a water bath at 39°C for 2 hours in order for the 
oligonucleotides to hybridise to the target plFS1101 DNA. 

DNA samples were dissolved in 10 ul H2O to which was added 1 ui of either 2nM dCTP or 2nM dGTP 
55 (PL Biochemicals). Then 2.5 ul of 10 x nick translation buffer (see Molecular Cloning, a Laboratory Manual 
referred to above) 10 x buffer is 0.5 M Tris.HCl (pH 7.2), 0.1 M MgSO* 1mM dithiothreitol and 500 ug/ml 
BSA (Pentax, fraction V) was added and the solutions were diluted with water to 25ui. 2 Units of the Klenow 
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fragment of DNA polymerase 1 (Boehringer) was added and the solutions incubated at room temperature for 
30 minutes. 1,5 U.I 10 x nick translation buffer was added together with 4 ul 10 mM ATP and 7.5 ul H2O. 2 
units of T4 DNA ligase (Bethesda Research Laboratories) were added and the solutions were incubated at 
14°C for 4 hours. 

5 2 ul of reaction mixtures were analysed on an 8% native polyacrylamide gel. Prior to loading, samples 
were heated to 100°C for 5 minutes and rapidly cooled on ice before adding 1 ul of gel loading buffer 
(0.25% bromophenol blue, 0.25% xylene cyanol and 15% Ficoll type 400). Figure 4 shows the results of 
this gel analysis. An autoradiographic signal corresponding to a 32 base long oligonucleotide marker band 
(lane M) was observed only in lane 1 where the polymerase reaction had included dCTP prior to ligase 

10 treatment Other samples included polymerase treatment with dCTP present but without ligase treatment 
(lane 2) or without oligonucleotide 11(-1) (lane 5), Inclusion of dGTP in place of dCTP in the polymerase 
step either with ligase treatment (lane 3) or without ligase treatment (lane 4) did not result in an 
autoradiographic signal in the 32 base position. 

These results indicate that production of the 32 base long ligation product derived from oligonucleotide 

rs 11(-1) and 13 requires inclusion of the correct deoxynucleotide triphosphate (dCTP) for filling in the single 
base pair gap opposite a G residue between the individually hybridised oligonucleotides. Inclusion of the 
incorrect nucleotide (e.g. dGTP) or, by inference, susbtitution of the G residue in the gap by an alternative 
residue precludes the formation of the 32 base long ligation product Thus this constitutes a diagnostic test 
for the presence or absence of a specific nucleotide in a target DNA sequence. 

20 

EXAMPLE 4 

In a further exemplification of the invention a systematic study was performed on the effect of 
25 mismatches on ligation with T4 DNA iigase over a range of temperatures. Every possible mismatch 
possibility within one strand of a seven base-pair overlap was examined (Table 1 ). Ligation of mismatched 
oligonucleotides was assayed in competition experiments in the presence of equimolar quantities of the 
non-mismatched oligonucleotide CRN 1. The sequences correspond to the -35 region of the E coji trg 
promoter Windass f J D et a[ Nucleic Acids Research 10, 6639-6657 (1982)). All oligonucleotides in this 
30 study were characterised by DNA sequencing (Maxam A M and Gilbert W. t Proc. Natl. Acad. Sci. USA 74, 
560-564 (1977)). Ligation products were quantified after separation by polyacrylamide gel electrophoresis 
by Cerenkov counting of radioactivity' in putative product bands. In all cases where a mismatched 
oligonucleotide was iigated in the presence of the fully complementary oligonucleotide CRN 1 the yields of 
mismatched Iigated product were minimal until the mismatched base was separated from the ligation point 
35 by 6 base pairs and until the temperature of the ligation reaction in these cases was less then 35 °C. 
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Table 1 

5 TGTTGACTGCCCGT 3 1 CRN2 

trp 3 TGTTGACTGCC 3' CRNl 

5' ATTCTGAAATGAGC 
10 TTTACTCGACAACTG 5' 

trp 4 



is 





CRN 2 


TG 


TT GA 


C TG 


CC CG T 




CRN6A 






T 






CRN6B 






A 




20 


CRN6C 






G 






CRN5A 


TG 


TT GT 


C TG 


CC CG T 




CRN5B 




GC 








CRN5C 




GG 








CKNjD 




TA 








CRN5E 




CA 








i CRN5P 




AA 






30 














CRN4A 


TG 


TC GA 


C TG 


CC CG T 




CRN4B 




TA 








CRN4C 




TG 






35 


CRN4D 




CT 








CRN4E 




AT 








CRN4F 




GT 






40 


CRN3A 


TT TT GA 


C TG 


CC CG T 




CRN3B 


TC 










CRN3C 


TA 








45 


CRN3D 


GG 










CRN3E 


AG 










CRN3F 


GG 









The region bearing the mismatch is the -35 region of the synthetic E CoN trp promoter. In competition 
with CRN 1 for annealing to the 5' overlap from tr£ 4 are CRN2 (control) of CRN3A to 6C, These 
oligonucleotides cover ail possible single base pair mismatches with the trg 4 5' overlap. 
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Materials and Methods 

Oligonucleotides were synthestsed by the improved solid phase phosphotriester method {Gait, M J et al 

(1980) Nucieic Acids Research 8, 1 081-1 096 and Markham, A F et al(1980) Nucleic Acid Research 8, 5193- 
5 5205) and purified by high performance liquid chromatography initially on Parisii 10-SAX anion-exchange 

columns (Jones Chromatography, Glamorgan or Whatman Ltd) then on Cis uBondapak reverse phase 

columns (Waters Associates Inc.) as described (Newton, C R et al (1983) Anal. Biochem. 129 , 22-30). 

Sequencing of S^p radiolabelled oligonucleotides were as described by Maxam and Gilbert (Maxam r A 

M et al(1977) Proceeding of the National Academy of Sciences, USA 74, 560-564) for the cytosine plus 
ro thymine, adenine, and guanosine greater than adenine cleavages and as described by Rubin and Schrnid 

(Rubin, C M et al (1980) Nucleic Acids Research 8, 4613-4619) for the partial cytosine specific cleavage 

with hydroxytamine hydrochloride. 

T4 DNA ligase was from Boehringer Mannheim GmbH and the unit definition used throughout is that 

according to Weiss et al (Weiss, B et al (1968) Journal of Biological Chemistry 243, 4543-4555). One unit 
rs being the enzyme activity which exchanges at 37°C Inmole ^PPi into Norit absorbable material within 20 

minutes. Ligase reactions were carrid out in 66 mM Tris-HCl (pH7.6), 6.6 mM MgCb, 10 mM dithiothreitol 

and 0.4 mM ATP. 

T4 polynucleotide kinase was from New England Biolabs, the unit definition being the enzyme activity 
producing inmole of acid insoluble 32 p in 30 minutes at 37° C. Kinase reactions were carried out in 50 mM 
20 Tris-HCl (pH 9.0), 10 mM MgCb, 20 mM dithiothreitol, 0.1 mM spermidine, 0.1 mM EDTA. The ATP 
concentration was variable depending on the subsequent use of phosphorytated oligonucleotide. 

Adenosine 5' -[v 32 ?] triphosphate, triethylammonium salt Pp ATP) was from Amersham international, 
1mCi per ml in aqueous ethanol with specific actrvity>5000 Ci/mmol. 

Autoradiography was at room temperature or at -70°C using Kodak XR-5 film with llford fast tungstate 
25 intensifying screens [Laskey, R A et ai (1977) Febs Letters 82, 314-341 ]. 

Electrophoresis was through 20% acrylamide (19.33% acrylamide, 0.67% bisacryiamide) gels contain- 
ing 7M Urea, 50 mM Tris-borate (pH 8.3) 1 mM EDTA unless otherwise stated. 

Electrophoresis samples were either resuspended or diluted with 80% formamide, 10 mM NaOH, 1 mM 
EDTA, 0.1% bromophenol blue. Samples were heat denatured at 100°C for 2 minutes then rapidly cooled 
so on ice prior to electrophoresis. Electrophoresis was across a potential gradient of 40V/cm till the 
bromophenol blue had migrated 15 cm from the origin unless stated otherwise. 

32p labelled oligonucleotides were purified by polyacylamide gel electrophoresis and DNA was recov- 
ered from gels by electroelution into dialysis bags containing 10 mM Tris-borate (pH 8.3), 0.2 mM EDTA (1 
ml) across a potential gradient of 16V/cm for 45 minutes after which the polarity was reversed for 20 
35 seconds. Electroeluates were concentrated by successive butanol extractions to a voldume of approximately 
500 ul, extracted with phenol-chloroform [buffered with 0.5 M Tris-HCl (pH 7.5) then extracted with water] 
(500 ul). Aqueous phases were extracted with ether (3 x 1 ml), further concentrated by butanol extraction to 
approximately 20 ui t dried in vacuo and ethanol precipitated. Ethanol precipitation was accomplished by 
resuspending the DNA in 0.3 M sodium acetate (pH 5.6, 250ul) then addition and mixing of ethanol (800 
40 al), chilling at -70°C for 90 minutes or longer followed by centrifuging for 15 minutes in an Eppendorf 
microcentrifuge. The pellets were dried in vacuo , resespended in water (500 ul). 

Cerenkov radiation was determined using an Intertechnique SL4000 Liquid Scintillation Counter with on 
line M1750 silent 700 printer. Electroeluates were transferred to siliconised 750ml microcentrifuge tubes 
placed in 20tii standard plastic counting vials (Packard). Samples were allowed to dark adapt for 10 minutes 
45 then Cerenkov radiation determined by setting the Liquid Scintillation spectrometer to count for tritium. 
Bands from gels wee excised, placed directly into plastic counting vials and Cerenkov radiation was 
determined as described for electroeluates. Quenching of Cerenkov radiation in gel bands relative to the 
same amount of 32 p-labelled oligonucleotide in solution could thus be allowed for. 

so 

Mismatch competition reactions: 

A total of 220 competition reactions were performed. Each mismatch oligonucleotide or CRN2 
(sequence control) were competed with CRN1 in a DNA Ligase assay at 0, 5, 10 , 15, 20, 25, 30, 35 and 
55 40°C. In each case a 0°C no enzyme control was included. All competitions were carried out in a volume of 
60U1 and contained trg 4(5.0pmole), 3 (7.5p Mole), CRN1 (7.5p Mole) and competing oligonucleotide (7.5p 
Mole). In molar concentrations total oligonucleotide was 456.5 nM, trg 4 was 83 nM, trg3, CRN 1 and 
competitor were all 124. 5 nM. 
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For each competing oligonucleotide a "competition mix" was prepared comprising competitor (75p 
Mole) and CRN1 (75 p Mole) in aqueous solution (390 til). The competition mixes were divided into 10 
equal portions. Both oligonucleotides were 5 -phosphoryiated with ^p -ATP and polynucleotide kinase. They 
were further purified by poiyacrylamide gel electrophoresis, electroelution and ethanol precipitation as 
s described above. Other reaction components were combined in a "trg mix" which contained ti£ 3 (7.5p 
Mole), tgc> 4 (5.0p Mole) and 10X DMA ligase buffer (6 ul) per 20 ul. 

For each temperature at which competition was studied, one aliquot of each competition mix and an 
aKquot of tr£ mix (200 ul) as transferred to each competition mix and preincubated for 30 minutes. DNA 
ligase also, equilibrated at the requisite temperature was added (1 unit in ul) and mixed except to the 0°C 
70 no enzyme controls where water (1 ul) was added. Incubations were for 30 minutes and terminated by 
extraction with phenol/chioroform and stored at -700 prior to eiectrphoresis. 

Aliquots (10 ul) were removed from the aqueous phases of the reactions performed across the 
temperature range for each competition and these aliquots mixed with separate portions of 
formamide/NaOH/bromophenoi blue (20 ul) and electrophoresed as described. The series of temperature 
T5 ranges for individual competitor oligonucleotides were run on separate gels which were autoradiographed as 
described (see Figures 5, 6 and 7). 

Both bands from 0°C no enzyme control were excised and Cerenkov counted to determine the actual 
proportion of competing oligonucleotide relative to CRN1. The product band from CRN1 and the visible 
product bands from competitor were similarly isolated and Cerenkov counted. If no competitor product band 
20 was visible the area of gel was isolated where product was anticipated by inspection of the autoradiograph 
from the competition of CRN1 and CRN2. These bands were also Cerenkov counted to determine the 
proportion of mismatched product in the total product at each temperature. 

Typical results after a 30 min ligation at 0*0 are presented in the Table, Where small amounts of 
mismatch ligation products were observed the yields of these were essentially constant at ligation 
2S temperatures of 0, 5, 10, 15, 20 and 25°C. 

Yields of mismatched products were consistently reduced by approximately 50% when ligation was 
performed at 30°C and further reduced after incubation at 35°C. 
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Mismatch total Z Mismatch 

Oligonucleotide Mismatch product cpm product cp« prodwc t 



CRN 2 NONE 547 1214 45.1 

T 

CRN 3A ACAACTG 8 1244 0.6 

C 

CRN 3B ACAACTG 6 1196 0.5 

A 

CRN 3C ACAACTG 36 1206 2.9 

C 

CRN 3D ACAACTG 19 1329 1.4 

A 

CRN 3E ACAACTG 8 1232 0.6 



40 j G 

CRN 3F ACAACTG 10 1086 0.9 



C 

CRN 4A ACAACTG 12 963 1.2 

A 

CRN 4B ACAACTG 12 1174 1.0 

/continued, . . , 
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25 



30 



35 



Hisaatch total Z Mismatch 

Oligonucleotide Hisaatch product cp» product cpa product 



6 

CRN 4C ACAACTG 15 1183 1.3 

C 

CRN 4D ACAACTG 13 1303 0.1 

A 

CRN 4E ACAACTG 24 1281 1.9 

6 

CRN 4F ACAACTG 8 1208 0.7 

T 

CRN 5A ACAACTG 67 1136 S.9 



C 



40 



i CRN 5B ACAACTG 27 1328 2.0 

j 

• G 

CRN 5C ACAACTG 22 1070 2.1 



T 

45 

CRN 5D ACAACTG 11 1201 0.9 



50 CRN 5E ACAACTG 11 1281 0.9 



/continued. 
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Mismatch total Z Bisaatch 

Oligonucleotide Hisaatch product cpa product cpa product 

A 

CRN 5F ACAACTG 23 1207 2.1 



70 



T 

CRN 6A ACAACTG 498 1383 36,0 

A 

CRN 6B ACAACTG 421 1214 34.7 

20 



G 

; CRN 6C ACAACTG 418 1222 34.2 

The results suggest that detection of point mutations in DNA should be possible by performing assays 
in the presence of appropriate pairs of oligonucleotides one of which is complementary to the normal 
sequence and one of which is complementary to the mutated sequence followed by analysis of the ligation 
products. 

Claims 



1. A method for discriminating between alternative nucleotide sequences, which method comprises 
subjecting adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide 
probe and with a second nucleotide probe, to form a hybrid, the nucleotide sequence of the first and 
second probe being such that where they form a split probe hybrid with a complementary target sequence 
they may subsequently be linked, subjecting any hybrid obtained to linkage, and detection of any hybrid 
obtained; 

the DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being such 
that a potential mismatch in the target sequence lies either between the said probes or at the terminal end 
of one of said probes which is contiguous with the other of the said probes; 

the method being effected such that a complementary target sequence is discriminated from a target 
sequence with one or more non-compiementary nucleotides. 

2. A method as claimed in claim 1 wherein the detectable first nucleotide probe and second nucleotide 
probe are hybridised to each side of a potential variant sequence in a target sequence the said probes 
being subjected to a linkage reaction which comprises introducing a nucleotide(s) complementary to either 
the normal or the suspected variant sequence and subjecting the nucieotide(s) to ligation; followed by 
detection of any hybrid obtained 

3. A method as claimed in claim 2 wherein detection is effected by subjecting any hybrid obtained to 
selective denaturing whereby any hybrid present, in which linkage of the detectable first nucleotide probe to 
the second nucleotide probe has not been effected, is denatured. 

4. A method as claimed in claim 2 or claim 3 wherein the introduction of the said nucleotide(s) is 
effected by the use of DNA polymerase. 

5. A method as claimed in any one of claims 2 to 4 wherein the detectable first nucleotide probe and 
second nucleotide probe are such that they hybridise to the target sequence whereby to leave a gap of a 
single nucleotide between the said probes. 



6. A method as claimed in claim 1 in which a split probe would be formed following hybridisation, with a 
complementary target base sequence, any hybrid obtained being subjected to a linking reaction for linking 
the detectable first nucleotide probe to the second nucleotide probe, and the hybrid thus obtained being 
subjected to appropriate treatment whereby any hybrid present, in which linkage of the detectable first 

s nucleotide probe to second nucleotide probe has not been effected, is denatured whereas no denaturation 
is effected for a perfectly complementary detectable finked oligonucleotide-target sequence hybrid. 

7. A method as claimed in claim 1 wherein, adjacent segments of the target base sequence are 
subjected to hybridisation with a detectable first nucleotide probe and with a second nucleotide probe such 
that a split probe hybrid would be formed with a complementary target sequence, the hybrid obtained 

to where necessary being subjected to selective denaturing whereby to denature whichever of the first and 
second nucleotide probes is hybridised to a portion of the target base sequence with one or more non- 
complementary nucleotides the hybrid obtained subsequently being subjected to a (inking reaction whereby 
to link together the detectable first nucleotide probe to the second nucleotide probe, and where necessary 
subjecting the hybrid obtained to selective denaturation, whereby to discriminate between a target 

75 sequence complementary to the first and second nucleotide probes and a target sequence with one or 
more nucleotides non-complementary to one of the first and second nucleotide probes. 

8. A method as claimed in claim 1 for the analysis of translocations in a target base sequence wherein 
the detectable first nucleotide probe is adapted to hybridise across a region of potential translocation^) and 
the non-detectable second nucleotide probe is adapted to hybridise to sequences adjacent to said potential 

20 translocation(s), the non-detectable second nucleotide probe carrying one member of a binding pair, the 
method comprising formation of a split probe hybrid which is subjected to linking to form a linked probe 
hybrid which hybrid is then denatured. 

9. A method as claimed in claim 1 wherein each of the detectable first nucleotide probe and second 
nucleotide probe carry a moiety such that after hybrid formation, and denaturation where appropriate, a 

25 signal is only detectable if a nucleotide sequence is obtained which carries both the moiety attached to the 
detectable first nucleotide probe and the moiety attached to the second nucleotide probe. - 

10. A method as claimed in claim 1 for discriminating between alternative nucleotide sequences in 
which a target sequence is subjected to hybridisation with more than two oligonucleotide probes such that 
where a complementary target sequence is present a split probe hybrid is obtained, the detectable first 

30 nucleotide probe being a terminal oligonucleotide probe which is detectable and the second nucleotide 
probe being the other terminal oligonucleotide probe which has attached thereto one member of a binding 
pair, individual other oligonucleotide probes(s) being hybridised separately but adjacently to a contiguous 
target sequence between the said terminal oligonucleotide probes, the hybrid obtained is then subjected to 
selective denaturation whereby to denature any oligonucleotide probe hybridised to the target sequence 

35 across a base pair mismatch, and the individual oligonucleotide probes linked to join the detectable 
oligonucleotide probe to the oligonucleotide probe having one member of a binding pair attached thereto to 
form a linked probe hybrid which is then denatured and contacted with the other member of the binding 
pair whereby the detectable linked probe nucleotide sequence including the said binding pair may be 
separated from other nucleotide sequences. 

40 11. A split probe hybrid comprising a detectable first nucleotide probe and a second nucleotide probe 
hybridised to adjacent segments of a target base sequence, the detectable first nucleotide probe being 
capable of linkage to the second nucleotide probe. 

12. A split probe hybrid as defined in claim 11 wherein the detectable first nucleotide probe and/or the 
second nucleotide probe are hybridised to either side of a variant sequence associated with a disease state 

45 or to the corresponding normal sequence; or are hybridised to the target base sequence such a that variant 
bas sequence associated with a disease state therein is at the terminal end of one of said probes, which 
terminal end is contiguous with the other of said probes or are hybridised to the corresponding normal 
sequence. 

13. A kit for discriminating between alternative nucleotide sequences which comprises a detectable first 
so nucleotide probe and a second nucleotide probe, each probe having a nucleotide sequence homologous to 

adjacent segments of a target sequence, a potential variant sequence being present in one of said 
segments or therebetween; the detectable first nucleotide probe and/or the second nucleotide probe being 
such that a potential variant sequence is at the terminal end of one of said probes, which terminal end is 
contiguous with the other of said probes or the potential variant sequence is present between said probes, 
55 the kit aditionally containng a reagent(s) for linking said probes. 



0 246 664 



14. A kit as claimed in claim 13 which contains a detectable first nucleotide probe and second 
nucleotide probe for detecting a point mutation associated with a disease state as well as a detectable first 
nucleotide probe and a second nucleotide probe for detecting the corresponding normal sequence in which 
the point mutation was absent. 
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Fig.6. 
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© Hybridisation probes. 



© A method for discriminating a specific base se- 
quence from a variant base sequence comprises 
subjecting adjacent segments of a target base se- 
quence to hybridisation with a detectable first 
nucleotide probe and with a second nucleotide probe 
to form a hybrid, the nucleotide sequence of the first 
and second probe being such that where they form 
a split probe hybrid with a complementary target 
sequence they may subsequently be linked, subject- 
ing any hybrid obtained to linkage and detecting any 
hybrid obtained. 

ft) Hybridisation probes and kits for use in such a 

^method are also described. 
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